The acid-base equilibria of anthranilic acid have been characterized in terms of macro-and microdissociation constants (dissociation constants K a1 , K a2 and tautomeric constant K z ). On the basis of spectrophotometric investigations the values of the distribution ratio D of anthranilic acid in the two-phase systems: aromatic solvent (benzene, ethylbenzene, toluene, chlorobenzene, bromobenzene) -aqueous solution were obtained. Employing the results of potentiometric titration in the two-phase systems: aromatic solvent -aqueous solution the distribution constant K D and dimerization constant K dim values were calculated. The influence of organic solvent polarity and pH of the aqueous phase on the contents of the particular forms of the acid in the two-phase systems were analyzed.
Introduction
Anthranilic acid (2-aminobenzoic acid) is an amino acid that plays very important role in biological and chemical processes. It is widely applied as a starting material for synthesis of biologically active compounds and medicaments, for production of synthetic dyes and for metal ion determination [1] [2] [3] [4] [5] [6] . It is the precursor of L-tryptophan in plants, yeast and bacteria [7] [8] [9] and is also involved in the biosynthesis of phytohormones (auxins) and their precursors [10, 11] . Moreover anthranilic acid stimulates milk secretion in female mammals (it is called vitamin L1). Despite of numerous applications of anthranilic acid, its physicochemical properties and behaviour in solutions particularly in the two-phase systems, has not been examined yet. The data concerning the distribution of this acid in organic solvents are fragmentary, and refer to n-octanol and chloroform [12, 13] . These data do not allow prediction of the physicochemical properties and behavior of this acid in systems with other organic solvents. [14] [15] [16] . Their accurate determination is important for complete understanding the chemical behaviour and the biological activity of ampholytes. Especially in a biological context, the fraction of different active species at a particular pH is important and has to be considered in QSAR studies [17] . Literature data concerning zwitterionic constant for 3-aminobenzoic and 4-aminobenzoic acids are available A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT 3 in [18] while no data for 2-aminobenzoic acid have been found. This may be connected with the fact that substitution in the position ortho to the amino-group, introduces group interaction absent in the original zwitterionic compound. The most frequently used calculation methods based on the pH dependence of UV or NMR spectra are not suitable, because the protonation of both functional groups may influence on spectral changes. In such cases the extrapolation methods were used [18] but they are insufficiently accurate. Metzler and Snell [19] have worked out the experimental method for this kind of compounds which permits to determine spectrophotometrically the tautomeric constant from mixture of organic solvent and water at the pH of isoelectric point. They applied this method for pyridoxine in dioxane -water system. The method was slightly modified and applied for niflumic acid in methanol -water and dioxane -water systems [20] . The obtained results for both investigated systems were in good agreement. Pagliara et al. stress that both deductive and direct methods are not simultaneously precise and assumption-free, meaning that the results must usually be regarded as mere estimated. However the direct measure of K z by UV spectrometry is a simple method and gives good results under condition the sharp isosbestic point is present [21] . The proper description of amino acid in two-phase systems requires additionally determination of the distribution constant K D of acid, which participates in extraction equilibrium in a molecular form (HR w HR o ) or the extraction constant K ex involved in the extraction equilibrium when ion-pair form with inorganic anion Xundergoes an
In this study we have determined macroconstant K a1 , K a2 values, isoelectric point pH I , tautomerization constant K z and microconstants k 11 , k 12 , k 21 , k 22 values. The distribution of anthranilic acid in two phase systems water -organic solvents was investigated and distribution constant K D , and dimerization constant K dim values were also determined.
Moreover, the influence of the selected parameters (pH of the aqueous phase, structure and
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ACCEPTED MANUSCRIPT 4 polarity of the organic solvent) on the equilibria were analyzed with regard of the formation and coexistence of different acid forms in the examined systems.
Experimental

Materials
Anthranilic acid was purchased from ALDRICH while HCl, KCl and KOH were from POCh Gliwice (Poland). Organic solvents (benzene, toluene, ethylbenzene, chlorobenzene, bromobenzene, nitrobenzene and methanol were purchased from Fluka and POCh and were used without further purification. All reagents were of analytical grade.
Methods
Determination of isoelectric point pH I and macroconstants K a1 and K a2 values
Macroconstants were determined by pH-metric titration. Electromotive force variations were measured by means of a CP-501 pH-meter (E ± 0.2 mV) with a OSH 10-00 combined electrode (Metron). The electrode was calibrated with respect to proton activities with standard buffer solutions (pH 4.00, 7.00 and 9.00). The aqueous solutions of 0.01 M anthranilic acid were preliminary acidified by standardized aqueous HCl and titrated by 0.1 M standardized aqueous KOH solution. The titrations were conducted by a CONTINUOUS digital automatic burette (VITLAB). The burette was calibrated by weighing the doubly distilled and purified water with a precision of ± 0.02% in added volume over the whole volume range. All measurements were made in 0.10 M KCl solutions (to adjust ionic strength) under argon atmosphere at 25 ± 0.1ºC in a thermostated extraction vessel equipped with a water jacket. During titration the investigated systems were continuously stirred with magnetic stirrer. Titrations were repeated three times. The pK a2 value was determined using standard method [18] . The pH I value was evaluated on the basis of Hahn method [22] . 
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Determination of microconstant values
UV spectroscopy was used to determine the tautomerization microconstant K z values for the equilibrium HR o (unionized form) HR ± (zwitterionic form). The method is based on the spectral differences between the zwitterionic form of the molecule (found predominantly at the isoelectric pH in aqueous solution) and the unionized form (found predominantly in organic solvent of low dielectric constant, such as methanol). The spectra can be converted from one form to the other by changing the solvent mixture.
A stock solution (0.04 M) of anthranilic acid in methanol was prepared. 1.00 ml of this solution was diluted to 200 ml with methanol or Britton-Robinson buffer at pH 3.51.
Subsequently various mixtures of these solutions containing 0 to 100% (in steps of 10%) of methanol were prepared. The absorption spectra of these solutions were recorded by a were agitated vigorously in a stoppered glass tube for 1.0 h to reach the equilibrium and then allowed to stay for 2 h in order to phase separation. A preliminary study had shown that this time was enough to reach the partitioning equilibrium. Subsequently pH of the aqueous phase was measured. The UV absorbance of anthranilic acid in the organic phase, both initial and at equilibrium were measured by a Beckman DU-640 spectrophotometer at λ max = 339 nm. On the basis of mass balance of the amino acid in the two-phase system the concentration of the amino acid in the aqueous phase was calculated.
Determination of the distribution constant K D and dimerization constant K dim values
The potentiometric titrations of anthranilic acid in the two-phase systems organic 
Results and Discussion
Macro-and microdissociation constants of anthranilic acid
Anthranilic acid is not an ordinary amphoteric substance however belongs to the group of zwitterionic compounds [18] . {H+} -the activity of proton.
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ACCEPTED MANUSCRIPT 9 Literature data concerning pK a2 value of anthranilic acid appear to be unreliable and depending on the information source have a value between 4.59 and 4.97 [13, 18, 24, 25, 26] .
There are considerably less data concerning pK a1 value (pK a1 = 2.15 [13] , pK a1 = 2.17 [18] and pK a1 = 2.29 [26] . It makes accurate determination of isoelectric point impossible (knowledge of this point value is necessary for the proper determination of the tautomerization K z microconstant). Literature data concerning pH I are in disagreement (pH I 3.42 [13] , pH I =3.44 [26] and pH I 3.51 [18] ). For this reason in the present work the mixed dissociation constants (I=0.1, KCl) of anthranilic acid have been determined on the basis of potentiometric titration. In order to correct the effect of ionic strength on pK a1 and pK a2 determination, the thermodynamic dissociation constants were obtained on the basis of Eqs.
(2a) and (2b) [18] . The calculated thermodynamic dissociation constants values are presented in Table 2 . The obtained dissociation constants of anthranilic acid are consistent with those reported by Albert and Serjeant [18] .
The proper statistical analysis, recommended by many authors [27] [28] [29] [30] [31] , was conducted in order to demonstrate the reliability of the obtained dissociation constants and the results are presented in Table 1 . Sensitive criteria of the reliability of the dissociation constant are the Hamilton R-factor and the mean of absolute values of residuals [30] . Here, the mean of absolute values of residuals is 0.12 (in term of E) and the standard deviation is 0.16. Both the values are lower than the instrumental noise s inst (y), represented here by s(E) = 0.2. This confirms that the fitting is good. Moreover, the Hamilton R-factor reaches the value of 0.1354%. This is another confirmation of an excellent fit (for a good fitness, the Hamilton R-factor reaches the value ≤ 1%, and for excellent fitness is lower than 0.5% [31] ). 
The relationships between the micro-and macroconstants have been reported in [17, 23] : On the basis of UV-VIS spectrum of methyl antranilate and 2-methylaminobenzoic acid it was found that both ionizable groups show the measurable shifts thus the selective spectrophotometric monitoring is not applicable. For this type of molecule with two ionizable groups connected to the chromophores, the microconstant could be determined by measuring the tautomeric ratios spectrophotometrically from mixture of organic compounds and water at the pH of the isoelectric point. This method was found and validated by Takács-Novák and co-workers [20, 32, 33] . The microconstants of anthranilic acid were determined on the basis of this method with the assumption that the spectrum of anthranilic acid in methanol is identified as that of the unionized form HR o while the spectrum in aqueous buffer at pH of the isoelectric point (3.51) is assigned to that of the zwitterion HR ± . The spectra obtained at different methanol -buffer mixture were presented in Fig. 2 . In the case of the spectral lines series two sharp isosbestic points (at 264 and 282 nm) are observed. The presence of these points indicates that the equilibrium between HR o and HR ± forms occurs in these systems moreover, permit to determine the tautomeric constant K z , accurately [21] . These deductions were based on analogy to pyridoxine and on analysis of other related compounds (niflumic acid, nicotinic acid). The tautomerization microconstant K z can be calculated from the spectroscopic data using the following Eq. [20, 32, 34] :
where: 
The obtained tautomerization K z constant and microconstants (k 11 , k 12 , k 21 and k 22 ) values calculated according to Eqs (10 -13) are summarized in Table 2 . have significantly different values. This means that the dissociation at one site causes a considerable decrease of the acidity of the other site (pk 11 <pk 22 and pk 12 <pk 21 ) [35] . The above observation can be a quantitative measure of the interaction between two sites when dissociation occurs at one of them. The value of this interactivity parameter ∆pk is 1.61 (∆pk = pk 22 -pk 11 = pk 21 -pk 12 ). The ∆pk value of anthranilic acid is higher in comparison with
ACCEPTED MANUSCRIPT 14 niflumic acid (∆pk = 0.90) [20] . This fact suggests that in the case of the investigated compound there are strong interactions between the two dissociation sites.
On the basis of the determined values of macro-and microconstants, the distribution diagram for the four microspecies of anthranilic acid was drawn ( Fig. 3 ). 
Characteristics of anthranilic acid in two-phase systems
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ACCEPTED MANUSCRIPT 15 The amino acid in the liquid two-phase systems: organic solvent -aqueous solution undergoes distribution between the organic and aqueous phase in two ways as presented in II. If the investigated system contains the neutral form HR and the ion pair H 2 R + X -, the distribution ratio is described by Eq. (17) The received spectra were significantly different for the cationic, zwitterionic and anionic forms while identical spectra were obtained in organic phases at any pH. On the other hand, the spectra obtained in organic phase are identical with the spectra of anthranilic acid in pure solvent (identified as that of the neutral form) for each investigated systems. This method was recommended by Takács-Novák et al. as very simple but exact experimental evidence for the distribution of the neutral form even when it is the minor component [33] . It was confirmed based on the investigations of mefenamic and N-phenylanthranilic acid distribution [36, 37] . These findings show that not the ion pair but only the neutral form of the acid HR o is transferred from aqueous to organic phase.
ACCEPTED MANUSCRIPT 20 Taking advantage of the potentiometric titration results in the two-phase systems, organic solvent -aqueous solution (KCl, I = 0.1), and using models of the singular and multistep equilibria [36, 37] , the graphs presented dependence of c HR,o /[HR] w as a function of
[HR] w for anthranilic acid were prepared and shown in Fig. 7 As can be seen, the linear dependences were obtained for all tested systems, so determination of the values of the distribution constants K D and the dimerization constants K dim were possible by linear regression of Eq. (21) . The accuracy of the determination of these constants was assessed for the 95% confidence interval of Student's test. The results of calculations were presented in Table 3 .
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The evaluated values of distribution (K D ) and dimerization (K dim ) constants for anthranilic acid in the two- It has been found, that the distribution constant K D and the dimerization constant K dim values depend on the polarity of the used organic solvent. Moreover, the distribution constants K D values increase along with increase of the Hildebrand solubility parameter δ of the studied organic solvent. The lowest value of K D was found for the system with ethylbenzene (K D = 0.56, δ = 17.84 kJ 1/2 m -3/2 ), while the highest one was noted for the system with nitrobenzene (K D = 1.24, δ = 20.46 kJ 1/2 m -3/2 ). In the case of the dimerization constants K dim an inverse dependence was observed. The values of K dim decrease in the examined solvents from 160 for ethylbenzene to 33 for nitrobenzene. The obtained results show that distribution and dimerization constants have comparable values with benzoic and 2-chlorobenzoic acid [40, 41] . In comparison with N-phenylanthranilic acid the distribution constants of anthranilic acid demonstrate significantly higher values while the dimerization constant values are substantialy lower [36] .
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ACCEPTED MANUSCRIPT 22 Based on the determined values of the dissociation constants K a1 and K a2 , distribution constants K D and dimerization constants K dim as well as the mass balance of the amino acid in the studied systems, the contents of the particular forms of anthranilic acid in the organic and aqueous phase were calculated as a function of pH of the aqueous phase. The results obtained for two systems with extremely different K D and K dim are presented in Fig. 8 . 
Conclusions
Due to the fact that anthranilic acid is widely applied in many fields, it is indispensable to characterize its properties in terms of the microconstants. These give Reliability of parameters estimation by a statistical analysis Standard deviation, S.D. = 0.16 Sum of squared residuals as defined in Ref. [30, 31] , S = 4.251 Hamilton R-factor as defined in Ref. [29, 30] , R-factor = 0.001354
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